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     The hypothesis is advanced for similarity between the space-charge layers formed by the plasma in the near-
antenna region of ICRF discharges and the two-dimensional electron systems created specially for each specific 
realization for the studies of metals, semimetals and semiconductors. 
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     The peculiarity of fusion-plasma RF discharges 
consists in the formation of space-charge layers close to 
the antenna surface. A simple mechanism of their 
formation was suggested by S.M. Levitsky [1, 2]. Under 
exposure to the RF field, the electrons in the gap 
between electrodes, l, move and oscillate with the 
amplitude A = μ0  (Em/ρω) , where  is the electron 
mobility at p=133.3 Pa. Here it should be noted that 
during the closest RF field period, the electrons being at 
their mid-position (at ωt = 0, π) at a distance of A/2 
from the electrode, reach its surface. As for the 
electrons being from the nearest electrode at a distance 
greater than the oscillation amplitude A, they will 
participate in the oscillations, but will not fail to arrive 
at the electrode. According to V.A. Godyak being the 
competent authority in the field of RF discharges, the 
mechanism of space charge (RF sheath) formation 
proposed and confirmed experimentally (see refs. [1, 
2]), has become commonly accepted [3].  
     The torsatron Uragan-3M (U-3M) and the stellarator-
torsatronUragan 2M (U-2M) are the electrodeless 
installations [4, 5]. Nonetheless, the rfsheath formation 
starts from the departure of electrons, being at a distance 
of ≤ A/2 from the antenna surface [6-9], with subsequent 
arrival at the mentioned surface. The RF antenna 
surface serves as one of the plasma capacitor plates. 
The region, which is closest to the antenna, turns out to 
be depleted of electrons. Beyond the RF sheath, the 
plasma remains quasineutral throughout the entire 
volume. However, owing to positively-charged low-
mobility ions that form the positive RF sheath, the 
plasma comes out to be positively charged relative to 
the antenna [1, 7, 10, 11]. This charge around the 
antenna surface can be represented as a virtual positive 
plasma capacitor plate [6]. The capacitive antenna-
plasma component transforms the RF discharge into a 
hybrid inductive-capacitive discharge [6, 12]. In 
consequence, the RF power can come to the plasma 
through the inductive and capacitive channels. This 
capacitor makes possible the localization of a thin 
electron layer on the antenna surface, being due to the 
potential field of positive ions on the one side, and to 
the potential barrier on the other side, with the result 
that the potential well is formed. The electrons walk 
away alternately from one side to the other. This 
contributes to the increase in the oscillating parallel 
electron current. The central oscillating voltage rises 
and falls as a doubled applied frequency (2ω). In this 
layer, the rectification of the applied RF voltage occurs 
[3, 13, 14]). As this takes place, the constant electrode-
to-plasma potential difference U0 may be about 30 % 
higher than the applied a.c. RF voltage U0~V~/π [3]. 
Thus, the formation of a multilayer space charge in the 
near-antenna region is accompanied by an essential 
dissipation of power applied to the antenna at RF 
discharges [13], Psh~ nbcs AbVrf, where nbcs is the plasma 
stream, A is the projection of area normal to the 
magnetic field. Owing to the V-I curve nonlinearity of 
the space-charge near-electrode layer, the radial 
component of discharge current may arise [10]. This 
means that apart from generation of the longitudinal RF-
field component Ez by the antenna, in order to give 
effect to the starting phase of RF plasma creation [15, 
16], the Er component may also participate in the 
ionization due to the radial avalanche. Besides, many 
more other effects arise in the interaction of the 
interconnected ICRF-antenna-plasma chain [1-3, 7-10, 
14-18]. For brevity sake, we restrict our discussion to 
the general conclusion that the formation of space 
charge layers in the near-antenna region plays an 
important role in the cleaning of the installation 
components, the initial ionization of the working gas, 
the plasma heating and confinement. The most 
undesirable effect is the RF antenna bombardment by 
accelerated positive ions that results in the enhanced 
sputtering of the surface, and hence, in the arrival of 
heavy metallic impurities with great z at the plasma 
confinement volume [13, 18, 19]. The attempts to 
attenuate or control these effects are hampered by 
difficulties of their direct diagnostics. In most cases, the 
heavy impurities are reduced through the design 
improvement of the antenna elements by coating them 
with metals difficult to sputter, or with low-z materials 
(boronizing) [13, 19-21]. Owing to electron oscillations 
in the locally bounded layer [13], many effects are 
dependent on the layer thickness d along the 
longitudinal component E of the applied RF field. In its 
turn, the d value is determined by the plasma parameters 
ne and Te, as well as by the amplitude A and the 
frequency ω of RF voltage applied to the antenna [10]. 
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This has given impetus to a search for similar 
formations for the purpose of gaining additional useful 
information on the controllability of the effects 
occurring in them. The creation of two-dimensional 
electron systems (TDES) in the research of solids has 
led to striking results. This has stimulated the attempt to 
demonstrate the identity of the processes occurring in 
the near-antenna region of the RF discharge and in the 
TDES. The common characteristic feature of both the 
plasma and solids is the presence of free electrons. In a 
separate atom, the electrons are moving so that their 
energy levels have a discrete character, i.e., they get 
quantized. This opens ample opportunities for plasma 
spectroscopy. The free electron spectra of in solids 
(crystals) also specify their type and basic properties. As 
atoms group together in a solid, their electron shells get 
overlapped. Each energy level gives rise to level bands, 
i.e., the bands, the number of which equals the number 
of electrons in the crystal. The energy separation 
between the levels in the band is very small. The 
allowed energy bands are separated by forbidden bands. 
With increase in the energy, the allowed band width 
increases, while the forbidden band width decreases. In 
the crystal, the allowed bands may be filled wholly 
(insulator), partially (conductor) or may be perfectly 
free. The crystal, where an appreciable number of 
electrons fall within the empty band due to thermal 
excitation, is a semiconductor. It is evident that the type 
and properties of the solid are specified by the band 
structure, which is difficult for investigation in the 
bulky crystal. The problem was solved using the 
methods of dimensional effects [22]. The term 
“dimensional effect” implies the dependence of 
properties of the solid body on its geometrical 
dimensions, when at least one of the dimensions would 
become comparable with the characteristic physical 
quantity having the length dimension. It follows from 
this definition that the indispensable condition for 
manifestation of the dimensional effect is the presence 
of the TDES in the medium.The first theoretical work 
on quantum dimensional effect was performed by the 
KIPT scientists I.M. Lifshits and A.M. Kosevich [23]. 
However, the experimental realization of the 
dimensional quantization on the basis of the sample to 
be studied called for the formation of the 2D electron 
gas. For this purpose, the TDES is created specially for 
each particular realization [24]. To the effect, the crystal 
film was prepared, the thickness of which, d, was 
comparable with the de Broglie wavelength . The 
film is placed in the (x-y) plane normally to the electric 
field E. In the (x-y) plane, electrons move freely as in a 
bulky crystal. The energy of transverse motion along z 
takes on some selected values, determined by the film 
thickness d, i.e., it gets quantized. This results in a 
cardinal reconstruction of the electron spectrum. Apart 
from thin films and wires, it has appeared possible to 
create the TDES through electron localization in a 
certain space region, viz., the potential well having the 
width of about the electron wavelength . These 
structures represent the capacitor with metal-metal, 
semiconductor-metal, and semiconductor-
semiconductor plates. The 2D electron gas is localized 
in the potential well formed by the potential barrier on 
the semiconductor surface on the one side, and by the 
space-charge electrostatic potential on the other side. 
Therefore, the basic structure of the TDES is 
muchsimilar to the RF sheath in the RF discharge. The 
possibility to control electrons in the TDES has made it 
possible to investigate the band structure of solids, to 
create new elements for microelectronics, and thus to 
provide a convenient model system for studying 
physical processes. In RF discharges, the plasma itself 
creates the space charges of particles for forming the 
potential well in the vicinity of the antenna surface. The 
present paper offers the hypothesis about the similarity 
of the RF-sheath in the RF discharge to the TDES in 
solids. The second part of the work gives the 
comparison between the media of existence, the 
conditions of creation and possibilities of controlling the 
processes in the formations under discussion.  
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ДВУМЕРНАЯ ЭЛЕКТРОННАЯ СИСТЕМА (ДЭС) В ПЛАЗМЕ ВЧ-РАЗРЯДА. 
ЧАСТЬ I. ОБЩИЕ ПОЛОЖЕНИЯ  
В.Л. Бережный, И.В. Бережная 
Выдвигается гипотеза об аналогичности слоев объемных зарядов, образуемых плазмой в приантенной 
области ICRF-разрядов и двумерных электронных систем, создаваемых специально в каждой конкретной 
реализации для исследования металлов, полуметаллов и полупроводников.  
 
 
ДВОМІРНА ЕЛЕКТРОННА СИСТЕМА (ДЕС) У ПЛАЗМІ ВЧ-РОЗРЯДУ. 
ЧАСТИНА I. ЗАГАЛЬНІ ПОЛОЖЕННЯ  
В.Л. Бережний, І.В. Бережна 
Висувається гіпотеза про аналогічність шарів об’ємних зарядів, що створюються плазмою у приантенній 
області ICRF-розрядів та двомірних електронних систем, які виготовляються спеціально в кожній 
конкретній реалізації для дослідження металів, напівметалів та напівпровідників. 
 
